Abstract-This paper proposes a new LDPC decoder for the DVB-S2 receiver. This new decoder contains a set of equivalent LDPC decoders operating in parallel mode. The simulation results show that this decoder can improve the performance of DVB-S2 receiver with acceptable complexity. Furthermore, a new adaptive decoding technique for a trade-off between the calculation complexity and the required performance in the DVB-S2 receiver is proposed.
Introduction

T HE ETSI (European Telecommunications Standards
Institute) EN 302 307 standard [1] for Digital Video Broadcasting-second generation (DVB-S.2) uses a concatenation of LDPC (Low-Density Parity-Check) and BCH codes to increase the channel capacity. LDPC codes, invented by Gallager in in 1960, can achieve extremely low error rates near the channel capacity by using a low complexity iterative decoding algorithm [2] . The outer BCH codes are used to correct sporadic errors made by the LDPC decoder.
One disadvantage of currently LDPC decoder using BPA (Belief Propagation Algorithm) [3] is the influence of trapping sets (TS). The dominant TS are formed by a combination of short cycles present in the bipartite graph of the parity check matrix H. To reduce the influence of the TS, the authors in [3] , [4] , [5] and [6] propose decoding algorithms that consist of two stages. One disadvantage of the above methods is that they have a post-processing delay as the decoding process requires two stages and a large complexity. If the length of the LDPC codeword is large (length of the DVB-S2 LDPC codeword is n = 64800 bits), it is very difficult to implement in reality.
This paper introduces a new LDPC decoder for the DVBS2 system. The proposed decoder contains a set of parallel equivalent LDPC decoders. Each parity check matrix of equivalent LDPC decoder is formed by the conventional parity check matrix and the extended parity check matrix based on the order of soft syndrome and channel reliability. The performance comparison between conventional LDPC decoder and the proposed decoder will be presented through the DVB-S2 with the QPSK modulation technique. 
DVB-S2 system
The DVB-S2 is a single and very flexible standard, covering a variety of applications via satellite. It is characterized by a wide range of rates and a powerful Forward Error Correction (FEC) system based on LDPC codes concatenated with BCH (Bose, Chauhuri and Hocquenghem) codes, allowing quasi-error-free operation. DVB-S2 can provide Constant Coding and Modulation (CCM), Variable Coding and Modulation (VCM) or Adaptive Coding and Modulation (ACM) on a frame-by-frame basis where each individual satellite receiving station controls the protection mode of the traffic addressed to it. Fig. 1 show cases a transmitter-receiver block diagram of DVB-S2 included a BCH encoder, an LDPC encoder, an interleave, a modulator, as well as their counterparts in the receiver, according to the DVB-S.2 standard. In this study, we suppose that the modulation mode is QPSK and the LDPC codes have length n = 64800 bits, code rates 1/2, 2/3 and 3/4, according to the length of the BCH uncoded blockk = 32208, 43040 and 48408 bits [1] .
according to the DVB-S.2 standard. In this study, we suppose that the modulation mode is QPSK and the LDPC codes have length n = 64800 bits, code rates 1/2, 2/3 and 3/4, according to the length of the BCH uncoded block 32208, 43040  k and 48408 bits [1] . 
where r is the set of symbols acquired from the channel and Information bits u = u 1 , u 2 , ..., uk are encoded into a codeword Y bch = y 1 , y 2 , y 3 , ..., y k . Next, LDPC encoder systematically encodes k bits into a codeword Y = y 1 , y 2 , y 3 , ..., y n , then modulated and transmitted through the channel (an assumed AWGN channel). The input of the BPA decoder is the Log Likelihood Ratio
where r is the set of symbols acquired from the channel and Pr(ŷ i = 0 |r ) is the conditional probability. LDPC codes are linear block codes with sparse parity check matrices H with size of m × n, where m = n − k is the number of check sums. Matrix H of LDPC code set can be described by bipartite Tanner graph [7] with the Bit Nodes (BN) v 1 , v 2 , v 3 , ..., v n and Check nodes (CN) s 1 , s 2 , s 3 , ..., s m . Corresponding to the locations of H with the value "1", there is a connection between the BN and the CN. The BPA algorithm [2] is an iterative decoding algorithm with two main phases: 1) making calculation in rows to update information for all CN and send information from CN to BN, 2) making calculation in columns to update information for BN and send information from BN to CN. The output of the BPA decoder is the LLR of bits L(ŷ i=1,2,...,n ), which is used for making a hard decision to become a codeword Y = (ŷ 1 ,ŷ 2 , ...,ŷ n ). If the syndrome is:
stop the iteration. Otherwise, the process repeats until the number of iterations I reaches maximum value I max (assuming I max = 100 in following studies).
In [3] , a TS(z, w) is a set of z bit nodes, for which the subgraph of the z bit nodes and the check nodes that are directly connected to them contains exactly w odd-degree check nodes and indicate that TS(z, w) will affect the LDPC decoding quality using the BPA algorithm. To improve the performance of LDPC decoding when the decoder falls into the TS, in [3] , [4] , the authors propose a postprocessing technique to lower the error floor by using the tabble of the most dominant TS. One disadvantage of these methods is that it requires the most dominant TS to be predefined. If the length of the LDPC is large, the calculation to find TS will be very complicated. In [5] , [6] , 12] the authors propose relatively complicated BPA-OSD and adaptive BPA-OSD decoding algorithms whose performance can be approached to show the performance of the ML (Maximum Likelihood) decoding. One disadvantage of these methods is that they have a postprocessing delay as the decoding process requires two stages and large complexity. The BPA-OSD decoder has a large complexity and it only can be applied in LDPC decoder with length of size n is hundreds of bits. According to [5] , the complexity of BPA-OSD increases by an exponential function of n, it is very difficult to implement in the DVB-S2 LDPC decoder with length of size n = 64800 bits. In [6] , the authors propose a high performance decoder for LDPC codes. The complexity of these decoders is a first order linear function with the codeword length, so they can be applied in the DVB-S2 LDPC decoder. One disadvantage of these decoders is that they have a large post-processing delay as the decoder requires a large number of times for re-decoding.
New LDPC Decoder for DVB-S2 receiver
Definition 1: The soft syndrome defined in [6] is the LLR of the check nodes s 1,2,...,n with:
We have:
where V i is the set of branches connecting from the bit node to check nodes on Tanner graphs (where the i th row of the matrix H has a value of "1") and the calculation ⊕ is the modulo 2 operator. Based on the studies of LLR algebra in [8] , we have:
Definition 2:. The extended parity check matrix H e of the parity check matrix H of size m × n defined in [6] is a matrix of size of (m + a) × n under the form:
where H a is an additional matrix with a rows and n columns, each row is obtained from the sum of any two rows of the matrix H. From the theory of linear codes, we have:
is a system of linear equations, so we also have:
Thus H e is a parity check matrix of the equivalent LDPC code. The equivalent parity check matrix is a case of GLDPC (Generalized -LDPC decoder) [9] and redundant parity-check matrix [10] .
In [11] , the authors introduced the Multiplebasesbeliefpropagation (MBBP) algorithm which has M LDPC decoders with different equivalent matrices working in parallel setting (parallel LDPC decoding). In [10] a general method to construct a set of equivalent parity-check matrices for progressive edge-growth (PEG) constructed codes and in [11] a novel approach for WiMAX LDPC codes were presented. These works focused on predefined equivalent parity check matrices that means these matrices are not changed in the decoding process. On the contrary, in this section we present a simple method to construct a set of adaptive equivalent parity-check matrices based on the order of soft syndromes and the order of reliablities of bits for any LDPC codes (the structure of these matrices depends on receiving information (LLR) from the channel). This section also presents another method of codeword selection for parallel decoding.
The proposed decoding algorithm contains an LDPC decoder with a conventional H matrix and M − 1 Fig. 2.   4 rder of soft syndromes and the order of reliablities of bits for any LDPC codes (the structure of hese matrices depends on receiving information (LLR) from the channel). This section also resents another method of codeword selection for parallel decoding.
LDPC decoders in corespondence with
The proposed decoding algorithm contains an LDPC decoder with a conventional H matrix nd 1 M  LDPC decoders in corespondence with different row to the
rows that are related to rows which are related to
row is eliminated in A 8 because sum of two identical rows is "0"). In order to generate more H γ e , we can replace π
In the process of parallel decoding, if one of the decoders satisfies (7) or (8), the process will stop and give a valid codeword. If all of the decoders are in TS, the codeword selector will select an invalid codeword with the least errors, according to the first decoder (conventional LDPC decoder with H).
Performance and complexity of the new DVB-S2 LDPC decoder
Figs. 4, 5 depict the simulation results for a DVB-S2 system with the QPSK modulator and different LDPC code rates R=1/2, 2/3, 3/4. Fig. 4 compares the Bit Error
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Performance of the new DVB-S2 LDPC decoder
Figs. 4, 5 depict the simulation results for a DVB-S2 system with the QPSK modu different LDPC code rates R=1/2, 2/3, 3/4. Fig. 4 compares the Bit Error Rate (BER) of (QPSK 1/2) with the assumption of e = 4 and different values of M.
We observe that the BER of the new decoder is improved significantly, accordin number of decoders M. At the BER=10 -4 , if M=2, 5, 10, 20 and M =40, the performance of decoder is about 0.004, 0.006, 0.01, 0.015 dB and 0.018 dB, which is better than the con LDPC decoder, respectively. Thus, we propose a new technique for DVB-S2 called Decoding and Modulation (ADM). In this mode, the DVB-S2 receiver can change the n operating decoders to have a trade-off between the calculation in decoding process and the performance. 
Check nodes We observe that the BER of the new decoder is improved significantly, according to the number of decoders M . At the BER=10 −4 , if M =2,5,10,20 and M =40, the performance of the new decoder is about 0.004, 0.006, 0.01, 0.015 dB and 0.018 dB, which is better than the conventional LDPC decoder, respectively. Thus, we propose a new technique for DVB-S2 called Adaptive Decoding and Modulation (ADM). In this mode, the DVB-S2 receiver can change the number of operating decoders to have a trade-off between the calculation in decoding process and the required performance. The simulation results show that at E s /N 0 = 2.92dB region, the DVBS2 (QPSK 2/3) with the conventional LDPC decoder has 119 error frames/37569 transmitted frames. Meanwhile, the DVB-S2 (QPSK 2/3) with the new decoder has only 48 error frames, so the number of errors can be reduced by more than a half.
Because matrix H γ e received from the matrix H with e=4 (very small in comparison with number of rows of which allows for the improvement of the DVBalent LDPC decoders with different parity check mes and the channel reliability. Furthermore, an e for the DVB-S2 receiver is proposed. In this ber of operating decoders to have a trade-off e required performance. the matrix H) is also a sparse matrix, the complexity of the new DVB-S2 LDPC algorithm is M -1 times more complicated than conventional LDPC decoder.
Conclusion
This paper proposes a new LDPC decoder which allows for the improvement of the DVB-S2 performance. This new decoder is a set of equivalent LDPC decoders with different parity check matrices obtained from the order of the soft syndromes and the channel reliability. Furthermore, an Adaptive Decoding and Modulation (ADM) mode for the DVB-S2 receiver is proposed. In this mode, the DVB-S2 receiver can change the number of operating decoders to have a trade-off between the calculation in decoding process and the required performance.
